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摘要 
利用半导体材料吸收太阳能分解水制备氢气是一个极有前景的研究方向，但
是半导体光催化剂存在对可见光吸收少、光生载荷子分离效率低等难题。而通过
构建异质结构不仅能扩大光谱吸收范围，还可利用异质结之间的内建电场加速光
生载荷子分离，从而提高光催化性质；与此同时还可以通过调控半导体光催化剂
特定晶面的裸露，利用光生载荷子在不同的晶面进行分离，从而提高光催化性质。 
因此，我们拟首先探究异质结构对半导体材料在光催化活性方面的影响，然
后在半导体光催化剂特定晶面裸露的可控合成基础上，利用半导体不同晶面表现
出的理化性质实现特定晶面上异质结的特定性构建，探究这种理性构筑对复合催
化剂的光催化性能的影响，希望以此构建出高效稳定的光催化体系。 
本文主要内容概括如下： 
1. 利用钛酸钾纳米线作为起始物，使用离子交换的方法得到了不同浓度 ZnO量
子点负载的 TiO2复合催化剂。在进行光解水性质测试时，发现当 ZnO 负载
量为 1%wt 时，复合催化剂表现出最高的产氢活性，其析氢速率为 14.03 
umol/g/h，比未经过修饰的 TiO2样品（1.29 umol/g/h）高约十倍，是商品化
P25 材料的活性的 5倍。 
2. 以削角八面体二氧化钛 (TOAT)为载体，实现了 Au@CdS 核壳结构在
TOAT{101}晶面上的特异性负载，构建的 p-Au@CdS-TOAT 三元异质结结构
在进行可见光分解水实验中的活性较未负载或者非选择性负载均大大提高。
通过还原 Pt 作为探针反应，我们研究了 p-Au@CdS-TOAT 样品在光解水过
程中的反应机理。 
3. 控制合成得到了形貌均匀的{001}/{110}-Cu2O纳米晶结构，发现其光生电子
倾向于向{001}晶面迁移；实现了 Au 纳米颗粒在{001}/{110}-Cu2O 上{001}
晶面的选择性沉积，发现 Cu2O 在 Au 沉积量为 0.25%wt 时，产氢量达到最
大，较未沉积 Au的样品提高了接近五倍，实验结果说明形成的 Au-Cu2O肖
特基结确实促进了光生电子空穴的分离。 
关键词：半导体；晶面；异质结；光解水
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Abstract 
One of the most promising research directions is solar light driven splitting water to 
produce hydrogen based on semiconductor photocatalysts for the sustainable 
development of humankind. However, there are still problems such as poor response 
to visible light and weak separation efficiency of photo-induced carries in 
photocatalysis. Mainly, the performance of semiconductor photocatalysts can be 
improved by the construction of heterojunctions which can not only expand the 
spectrum absorption rangeof light but also facilitates the separation of photo-induced 
electrons and holes through built-in electric field. On the other hand, previously 
reports have demonstrated that the photo-induced carries could separate onto different 
facets by controlling the exposing of specific facets of semiconductor photocatalysts, 
thus leading to the enhanced photocatalytic activity. 
In this thesis, we intend to study the effect of different heterojunctions to the 
semiconductor photocatalysts on their photocatalytic properties. Based on unique 
facet effects of well-defined semiconductor nanocrystals with exposed specific facets, 
we will selectively deposit cocatalysts on those specific facets and explore the effect 
of such heterojunction built on specific facet on the photocatalytic performance. The 
success in this study will inspire us to develop new methods to improve the 
performance of semiconductors by rationally constructing special heterostructures 
according to their crystallography anisotropy.The main contents of thisthesis are as 
followed: 
1. We prepared TiO2compositecatalystsdecorated with ZnO quantum dot via an ion 
exchange process by using potassium titanate nanowires as precursor. Our results 
revealed that the photocatalytic activity of the ZnO-TiO2 composite 
photocatalysts wasfar higher than that of bare TiO2, and the 1%wt 
ZnO-TiO2photocatalyst exhibited the highest hydrogen evolution rate(14.03 
μmol/g/h), which is ten times that bare TiO2 (1.29 μmol/g/h) and five times that 
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the commercial P25. 
2. We synthesized a truncated octahedral anatase TiO2 (TOAT)NCs with 
exposed{001} facets and {101} facets with potassium titanate nanowires as 
precursor. The Au@CdS core-shell nanostructures were selectively deposited 
onto TiO2 {101} facets through a photoreduction process. We found that the 
p-Au@CdS-TOAT ternary photocatalyst showed the highest activity in visible 
light driven splitting water compared with the unselectively deposited ones and 
no CdS modified ones. The photocatalytic mechanism was explored by utilizing 
the reduction of Pt nanoparticles as probe reaction. 
3. We synthesized Cu2O cubeswith edges truncated, in which {001} and {110} 
facets are exposed. And we demonstrated that the photo induced electrons would 
transfer to Cu2O {001} facets rather than Cu2O {110} facets, and Au 
nanoparticles were selectively deposited on Cu2O{001} facets. The H2 evolution 
rate of Au-Cu2O-{001} achieved the highest H2 evolution rate when the 
deposition amount of Au was 0.25%wt due to the higher separation efficiency of 
photo-induced carries led by the Schottky junction between Au and Cu2O.  
Keywords : Semiconductors; Facets Engineering ; Heterojunction; Photocatalytic 
Water Spiltting. 
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